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METHOD OF DATA REDUCTION

A. Recofder Qutput

The Jupiter polarimeter data has been recorded on six-channel Edin
recorder charts. The proper orientation of the charts is such that the
center of curvature of the vertical lines lies to the left(Fig. 1). The
channels are labeled as follows, from bottom to top: (1) "R" (records total
right hand plus one half total unpo&arized power) ; (2) "L" (total left hand
plus one half total unpolarized power); (3) "RLlC" (cross correlation of left
and right polarization vectors multiplied by the cosine of the relative phase
of the channel - explanation below); (W) "RLlS" (same as (3) except multiplied
by sine instead of cosine); (5) and (6) "RLZC" and "RL28", respectively (same
as (3) and (4) but at an adjacent frequency. Not used in the present analysis).
The first four channels are at 22.2 MHZ. Time runs right to left.
' Between Jupiter storms the recoerder is run usually at a speed of 0.1
millimeters per second, and occasionally at 0.03 mm per second, with a time
constant of 1.0 second. Calibrations occur every hour and are visible om all
six channels as a series of five steps. They are followed a few minutes later
by a series of four steps in the first two channels of somewhat greater amp-
litude. These are not to be confused with the calibration steps. Their pur-'
pose is to check the linearity of the detectors. Shortly before a storm are
pen length checks which must be noted before attempting to reduce pulses.
When a storm begins the speed is increased to 5.0 mm/sec and the time constant
reduced to 0.1 sec. (Fig. 2)

B. Cross Correlation Channels

Channel 3 and Y4 record, respectively, the quantity RLlcos@pc+e) and
RLzsinOpC+9) in units of milliamps, where ¢ is the relative phase of the
channel and 8 = 2y where x is the relative orientation of the major-axis of--.

the polarization ellipse. (For deails see: Marshall H. CoHép! Radio Astro-

nomy Polarization Measurements, Proc. I<R.E., 46, 172,1958). Figure 3 contains

a simplified diagram of the circuit. The signal (RL/4)cos[w+ bw,t] splits
and each half mixes with a half of the reference signal cos[{ - Aw.t], one
half of which is shifted +90° in xke phase by the "k(m/2)" phase box. Figuee
4 contains a circuit diagram of the LSR phase shift unit, labeled "m(m/2)",
which exchanges channel phases between steps 3 and U4 of the calibration se-

quence, assuming the channels to be in quadrature.



C. Calibration

The calibration steps are produced by current steps of approximatey

3.75, 7.5, 15.0, and 30.0 milliamps. 15.0 ma is used for step 3 and U.
Actual values have been recorded on each observing night in the observers'
log book. Calibration curves are drawn for the first two channels simply
by plotting the mean values of each step in millimeters relative to the base-
line against the current for each step. The raw readings of channel 3 and 4
are to be corrected for phase by dividing by cosy, and sin P> respectively.
The phases are determined by taking the ratio of the raw readings of step 3
and 4. For eiample consider channel 3. Taking absolute values only, step 3
is RLlcostc190°] = RLlsin P> and step W is RLicos P, The ratio is

RLlsin ?,

vos o = tan cpc
l('_'OS- Cpc )

from which P is determined. Channel 4 is treated the same way. If linearity
of the detectors is assumed calibration coefficients for all four channels may
be determined by taking the slope of the best fit straight line which passes
through the origin. (In practice it has been more feasible to weight the last
steps more than the first.).

The uncertainty in measuring a calibration step can be estimated by
dividing one third the peak to peak noise by the square root of the number
of time constants in the step. TFor example if the peak to peak noise in a
step is about 1.5 mm, T = 1 sec and the step lasts 30 seconds, o = 0.5/y/30 mm.
The uncertainties are represented by error bars in the calibration curves.
In the case of channel 3 and 4 the final error is the result of propagating
2 measuring errors of the above type. The uncertainty in a calibration coef-

ficient is the difference in slope between the upper and lower curves (Fig. 5)

D. Reduction of Jupiter Pulses

Cohen haé shown, for right and left circular antennas,

I = IL + II‘ (l)
Q = 2RLcos 2% (2
U = 2RLsin 2X 3
Vo IL - IR )
In terms of the Btokes Parameters I, Q, U, V
2 2 2
R (5)




from which

tan B =1r

where m and r are fractional polarization and axial ratio, respectively.

W2 (R +(1 - 132
o U ™
1
_I -1
tan 28 = ~H—R
2RL

Processing the data involves dividing a pulse into three sections:
(1) baseline, (2) pulse, and (3) baseline.

determine the divisions using channel 2, and then mark the correspcnding

)

(8)

(9)

Thus

In practice it has been best to

divisions in the other channels after checking the difference in pen lengths.

The data is then read off in equal time intervals (0.1 - 0.2 sec) relative to

some arbitrary baseline without eyeball integration.

Instantaneous readins

are recorded from channels 1 to U4 at the same instant of time regardless of

the noise, after checking the relative pen lengths carefully.

Section 1 and

3 determine the true baseline by means of a least square straight line fit.

Then the computer determines the deflections relative to the true baseline of

all the points. Once the true baseline is established the computer determines

the mean square noise in section 1 and 3, and upon applying the calibration

. s . ‘os 2 .. . . . :
coefficients, comes up with quantities o (i = 1,4), which are noise corrections !

for the corresponding channels.

In theory if one reads a deflection d' which differs on account of

noise from the true, or mean deflection d by an amount A, then

d'

Consider n measurements:

Adding the equations gives

For n large

d *+ 4.
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and

or

Now consider what happens

For n measurements .

For n large

and

Dividing by n gives

or

Thus if we wish to compute
12 =
where
Then
2 _
IR =
where
But,
Therefore
12 =

n n
Zdi = Zdi
1 1
ar =4d as to be expected.
when you square the equation di = di * Ai.
2 _ .2 2
di = dl * 2dlAl + Al
2 _ .2 2
da'” = dﬁ + 2dnAn + An.
n
%(i2diAi) -0,
n n n
zd:? = £a® + A%,
I T
d'2 = d2 + A2
@ = a2 - a2,
2. .
(IL + IR) 5 we write
N2 .2 2
(IL + IR) = IL + IR + ZILIR
d, + A _ . .
IR = —ig———i, etc. (ci = calibration coeff.)
i
2 2 2 2
dl £ 2dlAl + Al N d . éi ,
CZ ¢y C2
1 1
2
S
02
“1
o1 1. =292 % 2y, = a)
R7L P 1~ "1
2 cy
=2
=<3 (d2dl * dlAZ * d2Al + AZAl)
172
— 2d2dl/czcl (As uncorrelated).
2 2 2 2
IL + IR + ZILIR + 0y + 0,




and
2 2 2 2
(corrected) = I ~ 91 ~Op-
Similarly
2 Ve 2 2
Iy - IR) correctea = (I, = Ig)™ - 01 - 95-

Equation (8) and (9) involve a term RL which may be derived from the
measured quantities

d c

3 3RLCOSOpC + 0) (10a)

du uRLsinQ:pS + 0) (10b)
where P, # P and 6 is the phase irkxmdmzrd angle introduced by Jupiter.

Expanding (10) gives

C

d3 = c3RL[cosmccos 8 - sin mcsin 0] (11a)
du = euRL[sin @ cosb + cos mssin o1, (11b)
followed by '
d3 = RL[cot @ cos 6 - sin 6] - (12a)
©;sin @
d,
G 008 B = RL[tan ®_cos 8 + sin 0]. (12b)
Adding gives
d3 du

= 3
CSSin wc + G C08 ®, RL cos B[cot ®, * tan Py (13)

and
(d3/c3}cos P +(du/cu)sin ®.
sin @ cos ws(cot P, + tan ms)

RLcos 6

(d3/c3)cos Qg t (du/cu)sin @,
cos (v, - @)

(14

In similar fashion
RLsin ©

Edu/cu)cos ®, - (d3/c3)sin P,
cos (@ - @) )

(15

Squaring (14) and (15) gives

. 2 . 2
(d3/c3)zcoschS + 2(d3/c3)(du/cu)cosm551n@c+(du/cu) sin™o,

2 _
(RLcos 8) ™ = COS‘(@C — ms)

(16)



and 2 2 . 2 . 2
(du/cu) cos"® —2(d3/c3)(du/cu)51ncpscoscpc +(d3/c3) sin"®_
cosc(®_ - 9) ’
c S (17)

(RLsin )%=

Combining (16) and (17):

2
(@3/05)° + (dy/e)? + 2(d5/e,) (3,/c,)sin (o, - B)

2
REY = cos? @@, - )

. (18)

Equation (18) contains a term in the numerator involving sin@$c - ms),
whose sign is determined by noting how the sign changes in going from cali-
bration step 2 to 3, and by the fact that the phase switching unit adds 90°
to one channel and subtracts it from the other. It is not known which channel
has 90° added to it and which has it subtracted, but this does not matter.

For example suppose it is observed that in going from step 2 to 3 the cosine
channel goes from plus to minus and the sine channel from minus to plus.

(1) If 90° is added to the sine channel and subtracted from the cosine channel,
®
P
that both (1) and (2) lead to the same sign of the argument (mc - ms).

o and Py both lie in the fourth quadrant only. (2) If the reverse is true

and Pg lie in the first and third quadrants, respectively. It can be seen

The absolute value and sign of Gpc - ms) can be checked by observing
changes in Faraday rotation with time. Places where the deflections in the
cosine and sine channels vary in sign in a reasonably periodic fashion , one
can estimate the difference P, = O and its sign according to which channel
lags the other. For Yo - %y = 0 the channels are in quadrature and a maximum
of one corresponds to a null of the other.

For each time coordinate x there corresponds one data card containing
17 955 d3, ,
tions and x is the time coordinate (1, 2, 3,..., etc.). Each number is allo-

five numbers: 4d dq, and x, where dl"”’ ete. are the four deflec-
ted five spaces such that the first 25 spaces are used (program statement 10=
FORMAT (5F5.1)). Each section of cards is separated by a card containing -70.0
in the first five spaces, and each block of cards ( = 3 sections) is separated
by a card containing the same number. The statement "DO 1000 KKK = 1,N" det-
ermines how many blocks of data the computer will process, where N equals the
number of blocks.

The computer output contains statistical scatter corresponding to the
noise in the channels, but does not take into account the uncertainties in the

calibrations nor the argument (wc - ws).



IT
SUMMARY OF DATA REDUCTION: 1/24/67 - 6/12/67

Until 2/22/67 important information about the phase shift unit was
lacking, such as how the phase shift was introduced and whether or not it
was accurately 90°. Therefore, it was necessary, starting on 2/6/67, to

4 could be
determined by means of periodic changes in Faraday rotation with time.

investigate whether or not the calibration coefficients Cgy and c

If a maximum of each channel is measured, the deflections are

d3 .. = c3gRLcos 0 (19a)
Ymax cuRL81n 90 (19b)
wnd d3max
C/C ===
3774
Umax

At some calibration current we measure

d3 cpRLcos Py (20a)

|

du cRLsin ¥ (20b)

Setting P, = ¥y + AP, expanding cos(q)S + Ap), and dividing (20a) by (20b)
gives

1 Ei _ cos wseos Ap - sin ¢551n A
p dq sin ms
= cot wscos Mp- sin 0O,
or (1/p) (d,/d,) + sin Ao
cot _ = 34 1
S cos Ap ?

where Ap may be determined ideally by measuring the fraction of a period a
maximum of one channel differs in time from a null of the other. P is then
obtained from (21). TFinally, Cq and c, are obtained by rearranging (20a)

and (20b): d

3

€3 = % = Ricos P, (22a)
d,

° = ¢ = Risin g, ’ (22D)

where RL is the calibration current.

But, it was found that this method gave such large uncertainties in



Gpc - ms) as to be practically useless. The followed an investigation as to
what effect an error in th 90° phase insertion would have on the calibration
coefficienté, and m and r. On 2/22/67 the phase shift unit was located, un-
tampered with, at Balcones Research Center, and its properties and reliability
were at last established.

Prior to the first serious attempt at data reduction an investigation
was done on the stability of the channel gains over a period of seven hours.
It was found that channel 1 and 2 were approximately linear up to 30 ma input
current, and that the largest excursions in gain were on the order of 8% and
4%, respectively. Channel 3 and 4 showed possible non-linearity, but not in
excess of the limits of uncertainty inmeasurement. Excursions were also
approximately within the limits of uncertainty of approximately 12% and 16%,
respectively. Then followed some hand reductions of peaks of pulses in the
11/18-19/65 Jupiter storms which showed significant fluctuations, but the
error analysis revealed that it was not possible to attribute these fluctuations
in m and r to anything other than equipment noise.

Beginning at the end of March and continuing through May 1967 a new
method of reduction was developed. It was evident from the previous work that
quantitative values of m and r were uncertain by 50% - 100%, due to measuring
uncertainties of the pulses and calibrations. Therefore it was decided to
terminate any further attempts at obtaining absolute values of m and r, and to
concentrate on detecting inherent changes in the polarization parameters. The
technique involves reading instantaneous, unsmoothed deflections at equal time
intervals of .1 or .2 seconds. The data is then fed into a computer which
prints out values of I2, (IL - IR)2, (RL)2, m2 and r2. The advantages of this
method are: (1) the uncertainty in the calibration coefficients can be elimi-
nated, thereby reducing the statistical uncertainty in m and r to that attri-
butable to the noise in the channels. (2) Time consuming erroranalysis can be
eliminated; errors can be estimated adequately from the statistical fluctua-
tions in the output. (3) Inherent changes in m and r larger than the standard
deviation of the statistical fluctuations can be detected in time intervals as
short as about 0.5 second. This information is practically as important as
absolute values themselves, for in the case of m, an inherent change implies
that m is not always unity. The assumption is kept in mind, of course, that
the channel gains are constant during time intervals up to a few minutes, but
may drift during a period of many minutes to an hour by 10 or 15 percent.

So far, the best data reduced by the new technique occurs on 11/27/65
at about 7:10 EST. Graphs of m and r versus t are in figure 6 for two rela-
tively long pulses starting at 7:09.6 and ending at 7:10.9. The average value



of m in the 7:09.6 graph appears to be between .95 and 1.00; that for the
7:10.6 graph about .90. This slight difference of 5% - 10% can probably be
accounted for by small errors in baseline determination.  The slight negative
slope of each graph can likewise be attributed to small baseline slopes rela-
tive to the true baseline. There appear to be small variations of Am = .20 -
.25 with periods of 2 - 3 seconds, but since the standard deviation is of the
same order of magnitude, one should not conclude with confidence that these
are inherent. One useful aspect of the apparent constancy of m, however, is
that the detection system appears to be linear for a considerably higher antenna
temperature than that of the strongest calibration step, owing to the small
probability that the effect on m due to nonlinearity would be exactly canceled
by an inherent change in m. Hence, it would be fair to state that channel 2
is linear to a current of 150 milliamperes above background.

At 7:09.6 r appears essentially constant over a period of 10 seconds,
although small fluctuations of Ar ~ 0.1 show up in the interval t = 2.0 - 5.0
sec., which, owing to less scatter, give better evidence that propagation
effects are being detected than in the case of m. Similar fluctuations occur
in the 7:10.4 graph with the addition of a slight rise in the middle.

Some data from the 11/18/65 and 11/19/65 Jupiter storms were processed
by an earlier program which did not contain the noise corrections. Nearly all
the graphs of m have so much scatter as to be practically useless. A plot of
averages of m of each pulse in the Nov. 19th data with error bars representing
scatter indicates there may be a change occuring at about 7:30 EST (Fig. 7).
Histograms (Fig. 8) for the time intervals 7:10 - 7:30 and 7:30 - 7:50 show
peaks at m = .70 and 1.10, respectively. However, the possibility of a change
in channel gain occuring in this period could preclude interpreting the variation
in m as inherent. The rest of the output suffers from too much scatter and

too short a time duration.

III

CONCLUSION AND RECOMMENDATIONS

Up to this point there has not been much evidence that the fractional
polarization changes from unity. It is clear that the chief problem with the
Yale polarimeter data is the noise, especially in the cosine and sine channels.
Moreover, statistical fluctuations in RL carry extra weight because of the
factor of 4 in the m equation and 2 in the tan 28 equation. It prevents being
able to detect small changes in m and r with certainty, and prevents precise



10.

absolute measurements from being made.

The noise of all channels should in the future be kept at a minimum.
Increasing the time constant to 0.2 sec. may be helpful without appreciable
loss in time structure. Many calibrations have been degraded or completely
obliterated by disturbances other than pure noise. Observers should keep a
check on the tracings at all times. If it appears thai the calibrations are
not coming through clearly before a storm, they should be applied manually
at some quieter moment. It is important, moreover, to make sure that at
least one clear calibration sequence occurs immediately after a storm so
that one may obtain calibration coefficients during the storm by interpolation.
Finally, the calibration steps should be larger so that one does not have to
worry about extrapolating into the nonlinear region of the detectors. Further-
more, increased step size and reduction of noise should make it possible to
read the calibrations during a quiet period of a storm with great accuracy.

Recently, it has been found that a more valid treatment of the data
is to take readings every tenth of a second, rather than two tenths. This

is to insure that the points are properly distributed around the mean.



\ ..-v \u.\ qaaadahoy u-.\
. O LRt T e Lo

,.‘ T 133958 Yone
3 ..n\“.,\u“..“u Rk etest \

JUSYTES e -h...\.u.h.x.
A RS RPN SRR R

;:.1..4::&' P

“q.u.x‘
AR

Spesred can

ISP PaRs

..'.A,' J

3% frdenaes,

A .

s H;:,-A.«JJ
21 21

Reeskisape sy IoNs

BRIty

e

SN
IR ERR SN
s

VALY

JSEY By
[SNSPU S PREE S

1

R
RPN

PSS S PRI
ikl
ESYA THTILGIIMOM TSN

,.,.4..,“4..“;‘ Py I

[NPENREN
MPRTY o

. L
..,A«a.14A.-)-.vv;A:l.'u-v,-dy;{-LA-/ybAlt>‘-l

S31EEEs) ST iIes Dinniitien
Lol S N ..u,.l..‘,"»,u,,'j_.‘ v R /




A EI TS DO YT

eyt

EiTer e o

Iy
[ns
Teveie il

- P
! : NS T : > : b
:...:rn.:::'..,:?, Moiniy o i o

’..4...A..,,,.u.,..<-a~¥

feerda T

padeivs

7
JEPY POR oSS 8PS S Serremm
I8 i I
4..-,._,.”,...4,.. P .

YISTR NI 3G VA

IR
oy

~>.‘AX--n.~..\.\.-..~.~.
By \ T Ui . RSO FRRRAL SOA Bttt

S oy

ot ST o Bt

.‘..\....*.A.,,;.
PREas Y

N ‘..‘t.“
Lyl

P _jr. 2




-

! LOLINE CH,

Mixer > %’: caS("‘*V)

LSR PUMSE SkrfT 1
! |
{

\

\

- iz ]
U;Vsn Fig. ) l_;‘\‘n-l/“

4

t

Refcrence cos( V- 0w.'i)

We 2 Ctntril recerver ‘c"‘ﬁ“““ﬁ
(= 22.2 MH2)

F03.3 Cross Corrclator C;rcu;'f

10K

_NVW'

= _
x T <

,O'f"-\'f' (10%) Yo e ‘)00
11
LR
- - -
| lok “'I
|

; | 'u.vk

ety vater

Fig. 4 LSRR  Phase Sps+  Uni+



. $m

5-.0;

AN

| A
.0
/ s
v
—_— / P
//'\C(q) =~ Jf2 t accy)
e e
» 7
S
-
20 30 T (’m&}
‘Fl& ., & SAMPLE  CALVBRATION

CuRrvE



- 7 o]l s m* [ w\ﬁ\n\ _<‘...f:...\w 31107 M\.n M 153 hetil

- | (%)

- Q

‘e .
.,
** -o. . o* 'Ll -o.o n, I
] . Taset VT
. . * L]

L] ,vo.

. . . + 21

1 S of s/ oz 775319

| p ,
| {sgé;%{%é?\gé

,t? "
E%%%ix% P i

Amg rqe g

mmﬂw u:..\ LT 4,.»-,0..r.\
; oo .

ﬂ 91

N p '

{25 312  wgep syferfu wt Taitad s
()
o -
.. L] d- -
. . oo. " . A .
o % .0010.. o, et * .Oo o g h ‘n.
. . . .-. v -
.
. -
* - . oo o? * t
L . . Iy
oat...v;.v- .bm .oo- E _'—_
. » !
° . c . ﬁﬂ.-

TF#y°
\ \ ?ggé

ot 7% 3 > 47

\N\\\\\N~W-\\\~\\-




& () 2 w 4o safasny —~ [ Hld | . D

97.9 /D\

0’8 eS8 - oh: og: ot N 00( esy on” eer
e

——
-

+ —+ 3 ._ + . 3

i~
12
o
-

1_.4

e —

L |_ b2°)




{r“l"’c"(? 4 F Occwa.“

’"i- * —
20 - 5
e
: Lo TIRAY
! — P &EST e 220
; ‘ : 1
R | l
: t
. |
o~ —_— :
N S t
%
5'7 —
T (] | l | H 11 [
o R s v l— ‘ : M " T
. * . k(4 S0 6o e 30 o Loe I¢ Lo 1,30 Lo hSe  téo |70 J.20
< m =
5
EST 272:30- 7:50
o - F—
< (et
J — —_
s + —
b -
l l ‘ 3__'{— !
¢ l—_l - . | B T ‘ 1] - -
o 7 30 Ho 50 o 70 8 o oo e L20 [ L KT A LN L70 .80 LY
m -
Fig. ¥ Hicdegrams  Sor 11 )19)is  data



